Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

OBSERVING BEAM MOTION USING INFRARED INTERFEROMETRY  *

J. M. Byrd', M. Martin, W. McKinney
Lawrence Berkeley National Laboratory, One Cyclotron Road, Berkeley, California 94720

Abstract Parameter Description Value
Beam energy 1.5-1.9 GeV
nominal current range 100-400 mA
€z, Y X,y emittance@1.9 GeV  6,0.06 nm-rad

Phase noise in the RF master oscillator driving synchrotron
oscillations of the beam has been identified as one of the

d(()jmlnan'ijso.u:]ces of noise in the infrared beamline atfthhe 8oy x,y beta functions 0.45,19.0m
Aﬁvancfe hL|gI t Sourcbe. We pre_sen_t meélsur_ements;) the sy x,y alpha functions 0.43.-7.7
e ect of the electron beam mouon in a Fourier transform e dispersion function 4.18 cm
interferometer (FTIR) detector. This form of detector may / . .
. . A dispersion slope 0.13
be sensitive to very small beam motions.
1 INTRODUCTION Table 1: ALS IR source parameters.

Interest in infrared (IR) synchrotron radiation has grown_ =~ | ) )
dramatically in the past few years. However, measurementd!is light is deflected vertically by 0.5 meter, then is refo-

at the synchrotron IR source have proven to be very sengused outside the shield wall by an ellipsoidal mirror, m2.

tive to both beam motion and mechanical motion of thé* Switchyard” then contains a series of optics to collimate
endstation[1, 2, 3. The beam motion can result from the IR beam and distribute the beam to one of three end

combination of self-excited and driven motion, ranging irtations-
frequency from a few hertz to hundreds of kilohertz. IR

beamline 1.4.3 at the Advanced Light Source (ALS) lo- Tining Sifac Scence. Bul Samptes
cated at Lawrence Berkeley National Laboratory is no ex-
ception to these problems.

Over the past year, we have made an effort to identify
and resolve noise issues in the beamline as well as unde
stand the mechanisms for observing the noise. In particula
we have made an detailed study of beam motion excited b
phase noise in the master oscillator (MO) of the RF syste
since this was determined to be one of the dominant noisg
sources. This has led us to the conclusion that the inter-
ferometer used in the endstation may serve as an excellent
general diagnostic for observing very small beam motion., ~~/Z
This paper summarizes our measurements to date and pro-
vides several hypotheses for the sensitivity to beam motion.
Section 2 provides a description of the IR source, beamline, e

Beamline 1.4.3 Mid IR FTIR
uuuuu Microscopy
>

Beamline 1.4.1 UV-VIS
Photoluminescence N2 Purge
Michaelson FTIR

Interferometer

Storage Ring

and interferometer. Section 3 presents measurements of the
beam motion excited by MO phase noise. Figure 1: Schematic layout of the ALS infrared beamline.
2 MEASUREMENT SETUP BL 1.4.3 directs the collimated synchrotron light into a

. ] ~_ Nicolet Magna 760 FTIR bench. The modulated light is

The ALS is a 1.5-1.9 GeV electron storage ring optimizeghen, passed through a Nic-Plan IR microscope that can per-
for producing high brightness synchrotron radiation. Theyrm hoth transmission and reflection measurements. BL
synchrotron light is collected from the 1.4 bending magnef 4 2 yses the synchrotron light for the input of a Bruker
with source parameters listed in Table 1. IFS 66v/S vacuum FTIR spectrometer. This IFS 66v/S in-

The light passes through a 10mrad vertical and 40mragryment has a wide spectral range, 50 cm-1 to 25,000 cm-
horizontal opening, as schematically drawn in Figure 13 and it has step-scan capabilities in addition to rapid-scan

*This work was supported by the U.S. Dept. of Energy under Contraét0 enable fast timing measurements. BL 1.4.1 uses the UV
No. DE-AC03-76SF00098. part of the spectrum from the 1.4 front end to do photolu-

T IMByrd@Ibl.gov minescence and related studies up to 6eV.
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Figure 2: Noise measured in the FTIR as a function of cur-
rent. The highest peak was recorded at a current of 391 mA
and the lowest at 158 mA. The frequency axis ranges from

w s 0o Nmo

b) calculated energy noise spectrum
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0 to 23 kHz. Frequency (kHz)
N ——— rLA ' @)Measured transfer function | Figure 4: a) Calculated amplitude of the transfer function.
1=345 mA This compares well with the measured values in Fig. 3.
3 I=200 mA 7 b) Calculated noise spectrum using the spectrum of MO
1=100 mA

phase noise and the calculated beam energy transfer func-
tion. This shows qualitative agreement with the measured
noise in Fig. 2.
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Figure 3: Transfer functions of the FTIR response fron - L
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3 MEASUREMENTS o : e
{020- Lg e Nolse MBSO S i T e

Nolse RMS=0.10%

To study the spectrum of noise in the FTIR, we fixed th %]
moving mirror in the interferometer and recorded the out
put of the detector on a spectrum analyzer. An example of

this measurement is shown in Fig. 2, which shows a noiggagure 5: Three IR spectra showing the effects of the MO

peak at about 3.7 kHz which decreases in frequency apfase noise. The upper two traces were taken with the old
increases in amplitude with increasing beam current. MO, the bottom trace with the new MO.

We recognized this as possibly being a form of syn-
chrotron oscillations known as the Robinson mode that
could be driven by broadband noise in the RF system. Byhase noise, we computed the product of the MO phase
measuring the noise at various points in the RF system, we@ise determined from catalog values with the transfer
determined that the dominant source was phase noisefimction computed in Fig. 4a. This is shown in Fig. 4b.
the 500 MHz master oscillator. The details of beam motioithis has the same characteristic shape as the measured
driven by phase noise are discussed elsewhere[4]. noise in Fig. 2. Replacement of the existing of the exist-
In order to further demonstrate the effect of phase noig8g MO by a lower noise model reduced this motion by a
on the IR beamline, we deliberately excited the cavity byactor of 5.
modulating the cavity phase with white noise and measured The net result of the reduction in phase noise can be ob-
the response as a function of beam current as shown darved in Fig 5, which shows several spectral scans taken
Fig. 3a. Shown in Fig. 4ais a calculation of the expected rdefore and after the MO phase noise was reduced.
sponse at the same beam currents, assuming that the motioalthough we succesfully identified the source of the
results from energy oscillations of the beam at the sourggise and reduced it, we still did not understand how the
point. beam motion created a signal in the interferometer. To fur-
To find the spectrum of beam motion driven by the MCther study this, we measured the beam motion driven by the
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noisy MO at very low beam current, where we could inde- — M
pendently determine the amplitude of synchrotron oscilla- A ) M2
tions and thus the amplitude of energy oscillations at the L] beamsplitter
horizontally dispersive IR source point. Shown in Fig. 6 is "/,’
a plot of the FTIR noise at low current for the old and newSource —54? Bl
MO. We independently determined that the amplitude of //
beam energy oscillations was 2.8e-5 (relative to the nomi-
nal energy), corresponding the horizontal position and an-  /
gle oscillations of 1.6:m and 3.8urad, respectively. — =
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Figure 7. Schematic diagram of a Michelson interfereme-
ter. Path length differences can arise from variations of the
incident light angle or position variations combined with a
nonflat beamsplitter.
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Figure 6: Motion driven by MO phase noise at low beanF] A R. Hight Walker, U. Arp, G. T. Fraser, T. B. Lucatorto,

S J. Wen, SPIB153 42, 1997.
current for two MO sources. The reduction is equal to the _ _ ) . _ _
reduction in the phase noise. [2] R. Biscardi, G. Ramirez, G. P. Williams, C. Zimba, Rev. Sci.

Inst. 66, 1856, 1995.
[3] G. Rakowsky, L. R. Highey, Rev. Sci. In€6, 1856, 1995.
Given ;uc_h small beam motlon with a signal/ no'_s_e Of4 J. M. Byrd, Effects of phase noise in heavily beam loaded
about 40 indicated that the interferometer was sensitive 10 gyorage ringsthese proceedings.
beam motion of about 40 nm! This suggests that the inter-
ferometer may be used as a beam motion detector with ex-
tremely high sensitivity. Following are two possible noise
mechanisms which we are currently studying. Consider the
schematic diagram of a Michelson interferometer as shown
in Fig. 7. If the incoming light is not normal to the mir-
ror (M2), there is a path length difference in between the
two armsL1 andL2 of AL§?, whereAL is the difference
L2 — L1 and#@ is the incident light angle. Angular varia-
tions of the incident light can occur from position variations
of the light incident of the ellipsoidal focussing mirror or
deviations from optical flatness of any of the subsequent
mirrors. A second mechanism is nonflatness of the beam
splitter. In this case, transverse motion of the incident light
beam will result in a path length difference in the two arms.

4 CONCLUSIONS

Phase noise in the RF master oscillator has been identified
as one of the dominant sources of noise in the ALS infrared
beamline. The problem has been substantially reduced by
replacing the MO with a lower noise source. Interferomet-
ric measurements of synchrotron radiation are very sensi-
tive to beam motion and may be used as a sensitive beam
diagnostic. The means by which the noise is observed at
the ALS is still under investigation. We would like to thank
H. Zyngier for many useful discussions.
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